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Abstract 
While the benefits of cooperation of the diversity of research have been in the literature, cooperation MAC protocol 
design also led to a lot of attention. In a single-relay repeated request (C-ARQ cooperation agreement, had better be 
to choose a relay node in a distributed attitude, use different time relay bag. However, back to forward this relay 
selection plan does not work efficiently in a dense network case; with high collision probability in the struggle of 
relays may different. In this paper, we put forward an optimal choice of, in order to maximize transmission system 
energy efficiency reduce collision probability. Energy efficiency performance the optimal transitive the established 
the simulation results verify the options. 
© 2011 Published by Elsevier Ltd. 
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1. INTRODUCTION
Cooperative communication is put forward a distributed way to achieve space distribution diversity
through the terminal. Cooperation in the theoretical research behind the depth, and improvement of the 
system performance has been confirmed, network coverage from production and energy efficiency [1].  
Attention recently got cooperation medium access control (MAC) in the distributed wireless network 
design [2]-[5]. Among them, the repeated request cooperation agreement (C-ARQ) already literature in [8] 
put forward three key problem with the MAC layer. In relay C-in-ARQ, the torch relay success receiving 
node transmitted directly to the destination will be back from different lengths of time data forwarding, 
according to their instantaneous channel quality relay. Then, the forwarding node of the best quality relay 
channel automatic selection forward packets. This C-ARQ scheme can provide high performance increase 
the cooperation in the sparse network than scheme. However, its performance will be significant 
degradation due to the high probability of dense network choice in its transmission collision process. In 
addition, the energy consumption of cooperation network literature in forwarding seldom mentioned. In 
our previous work [6], the energy consumption of the C-ARQ agreement in the a simplified three node 
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network. Simulation results show that the whole network of energy consumption was entirely the position 
of the relay node. In fact, a cooperation agreement the MAC can be further improved energy consumption 
is time to consider. 
2. SYSTEM MODEL AND ASSUMPTIONS 
Figure 1 shows the network as an example to clear the topology of the network structure and 
cooperation of the scene. The network is source node, S, destination node, D, and several potential relay 
nodes, R1, R2... Rn number, random distribution in the  D1. 
 
Fig. 1. System Model for Cooperative Transmission. 
Every direct transmission began in s, with reserve the destination of the direct transmission will fail, has 
received the relay node bag, success is the best quality transfer to D channel will be selected to after, the 
packet to D cooperation agreement on. In this model, the assumption of the entire node can hear each 
other. Any of the distance between the relay node and D is negligible compared with the distance between 
the, S and D channels, which means transmitted between each pair of between, S, S and D each relay 
node, and rotary international rotary and D, is considered to be independent of each other, so the spatial 
diversity can achieve data forwarding to another/other channels (S). In addition, we assume that the 
channel time related to the strongly continuous packets on the same channel by the same channel decline 
of the same package, so conditions of false positives. 
3. COOPERATIVE MAC PROTOCOL DESCRIPTION 
C-ARQ proposed agreement is based on distributed coordinating function (discount schemes to solve 
three key problems WLANs, that is, when the MAC layer, who cooperation and how to protect 
cooperation with transmission [8]. In this section, we first summarized the MAC agreement-ARQ C, and 
introduced the details of delivery selection algorithm in the second quarter. 
3.1. Cooperative Automatic Repeat Request Scheme 
C-ARQ agreement process includes two stages: direct transmission and cooperation). Cooperation 
forwarding occur only in the when the first direct transmission failed. This is how the following 
agreement in work. More details can be found in [8]. 
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Fig. 2. C-ARQ Basic Scheme: Successful Cooperative Retransmission 
As the first step, s send out a data packet destination D the following the original DCF basic access 
solutions. If receive packets in D, D wrong call for cooperation (CFC) radio packet to invite other nodes 
with network operation, and to provide them with a transfer their chance to relay channel quality 
measurement. Only transfer decoded packets sent a relay node right candidate. S according to transfer the 
torch relay candidate selection algorithm, with the best relay, will channel quality Rb first proposed 
channel access and received the packet to the destination. The testing data packet from Rb to channel and 
the other relay candidates will withdraw from their cooperative competition and forsake them receive 
packets. If the decoding packet forwarding best D-relay-any right, D will return to the ACK packet to the 
s. Otherwise, cooperation transmission failed. In this case, not allowed to enter the channel DIFS again 
after the interval.  
3.2. Relay Selection Algorithm 
The torch relay C-ARQ node chooses to use in a distributed way to getting the instantaneous channel 
conditions through the CFC package sent to each relay cooperation stage >, candidate will back titanium 
time according to their own relay channel condition. 
3.2.1. backoff time function: In C-ARQ, the backoff time, Ti is defined as a function: 
, 1,2, ,uplowi
i
TSNR
T i n
SNR slottime
⎢ ⎥= =⎢ ⎥⎣ ⎦
…      (1) 
In the signal-to-noise ratio (SNR) of the value in the dB CFC package received threshold; is to 
participate in cooperation forwarding, n is the number of the torch relay of the nodes in the network. The 
value can be determined according to the specified modulation coding scheme (MCSs) in physical layer. 
Type. (1) The upper bound of the candidates. Back in time relay basic C-ARQ scheme will (DIFS SIFS)-
in order to ensure that the cooperation will not be interrupted by forwarding the other network node.  
3.2.2. backoff time look-up table: The mapping from iSNR to Ti can also be implemented through a 
look-up table, as shown in Table I. 
TABLE I    MAPPING FROM SNR TO BACKOFF TIME. 
iSNR  [ , )mϑ ∞  1[ , )m mϑ ϑ−  2[ , )mϑ − …  1 2[ , )ϑ ϑ  
iT  first slot second slot … DIFS − SIFS 
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4. OPTIMIZATION PROBLEM STATEMENT 
Let the doctor ordered the distance between the source nodes and receive node. We assume that an 
average path loss in where is proportional to the path loss coefficient. For brevity, we do have a Rayleigh 
fading channel and the white Gaussian noise (AWGN), although we analysis the path loss can be 
extended to other fading channels are Rican or Nakagami, etc.   
The average received SNR at the receiver can be written as 
0
(1 )TGP
d N Wα
αγ −=         (2) 
W is used for the transmission bandwidth; N0 megahertz spectrum power spectral density in Gaussian 
white noise receiver, G is a constant, is defined as the signal frequency, antenna gains, and other 
parameters. 
The instantaneous received SNR under Rayleigh fading has an exponential distribution as: 
/( ) 1 /f e γ γγ γ −=         (3) 
Substituting γ  in Eq. (2) into Eq. (3), we can obtain: 
0
(1 )0( )
(1 )
T
d N W
GP Cd
T
d N W
f e Cd e
GP
α
α
γα
α α γγ α
− − −= =−      (4) 
where  0
(1 )T
N W
C
GP α= −  
4.1. Average Packet Error Rate 
The exact closed-form PER in AWGN channels is difficult to obtain. To simplify the analysis, we rely 
on the following approximate PER expression from [9]: 
1,
( )
,n
th
n
n k th
n n
if
PER
e ifγ
γ γγ β γ γ−
⎧ ≤⎪≈ ⎨ >⎪⎩
       
      (5)  
where n is the MCS index, and γ is the signal to noise ratio at the receiver. Parameters βn, κn and 
th
nγ  
are dependent on the specific MCS scheme and data packet length. 
Given an average SNR value, the PER performance at the receiving node averaged over Rayleigh 
fading is given as: 
( ) ( +1/ /
0
( ) ( ) + 1-
1
th th
n n nKn
r
n
PER PER f d e e
K
γ γ γ γβγ γ γ γ γ
∞ − −= = +∫ ） （ ）  (6) 
Because the entire relay node close to the destination, the distance between them is negligible distance, 
we believe that compared to the destination point average signal-to-noise ratio is the same in all receive 
node in the direct transmission phase.  Therefore, the average packet error rate, denoted as rPER , is also 
the same at the destination and other relay nodes. Substituting Eq. (2) into Eq. (6), we have: 
( + + 1-
th th
n n nK Cd Cdn
r
n
Cd
PER e e
Cd K
α αα γ γ
α
β − −= +
） （ ）    (7) 
Further assume that there is N nodes in the network, and points out that the number of nodes, correct 
decoding of bag as m. due to channel from the source of different relays, independent events, a node 
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success to receive a package are independent of each other. Therefore, successful node number is actually 
obeying binomial distribution. The probability that M nodes correctly decode the packet is 
( ) 1
M N M
r r
N
P M PER PER
M
−⎛ ⎞ ⎡ ⎤ ⎡ ⎤= −⎜ ⎟ ⎣ ⎦ ⎣ ⎦⎝ ⎠
     (8) 
4.2. Conditional Cooperation Retransmission Probability 
In the cooperative retransmission phase, the M relay nodes with successful reception of the data packet 
will first measure the received signal strength of the CFC packet, denoted as γi , i =1, 2...,M, then contend 
for channel access using different backoff time Ti according to γi. Here, γi represents the instantaneous 
channel condition from relay to destination and follows a similar distribution function in Eq. (4). The path 
loss is neglected in this case because of the short distance between relay nodes and D. For convenience, 
we sort γi in the descending order, as γ1 ≥ γ2 ≥ γ3... ≥ γM. 
The probability of the cooperative retransmission conditioned on the direct transmission failure, 
denoted as Pcoop, is the probability that there is at least one relay node that will transmit before DIFS-SIFS 
timeout after an unsuccessful direct transmission. Probability Pcoop is equal to the probability of the event 
that the relay node with the best relay channel quality has higher SNR value than the threshold value, ϑ1, 
and hence transmits before DIFS-SIFS. Considering the independence of the channels from the source to 
different relays, Pcoop can be calculated as: 
( ) { } { }
{ }
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1 1 1 1 1
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5. SIMULATIONS AND NUMERICAL RESULTS 
The performance evaluation scheme, we have implemented the original document in [8] C-ARQ 
agreement and enhanced version, with the best energy saving solutions is, in the MATLAB environment.  
Establish the simulation parameters according to 802.11 g standards, listed in table II. S placed 300 
meters away and D learns from each other. A pair of transmission channels to achieve between each other 
for independent Rayleigh fading channel.  QPSK and Convolution Code (CC) 1/2 are adopted, with the 
corresponding βn, κn and 
th
nγ  from Eq. (5) as 7.2 × 103, 5.3, and 2.0 dB, respectively. 
TABLE II   SIMULATION PARAMETERS. 
MCS Scheme QPSK/ CC 1/2 DATA length 500 Bytes 
ACK length 14 Bytes CFC length 14 Bytes 
MPDU header 24 Bytes DIFS 34 μs 
PHY header 20 μs SIFS 16 μs 
Datarate 34 μs Slottime 9 μs 
Basic datarate 6 Mbps CWmin 15 
RF efficiency α 0.5 Path loss exponent γ 4 
PT 1400 mW W 20 MHz 
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Fig. 3 illustrates the influence of different threshold in the packet forwarding rate delivery cooperation 
agreement. Network performance is improved significantly by reducing the probability of the collision 
the optimal threshold. 
 
Fig. 3. PDR with Different Threshold Values (Eb/N0= 0 dB). 
6. CONCLUSIONS 
Energy consumption is a very important aspect of the transmission scheme cooperation is evaluated. In 
this paper, we put forward a comprehensive analysis, C-ARQ agreement damage caused by the 
performance of the collision. So, choose transmission scheme optimization make system energy 
efficiency. The numerical results show that the optimization scheme more compared with the original C-
energy saving ARQ agreement in different channel conditions. In addition, the optimization scheme can 
also use any other agreement with similar problems. 
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